Abstract 4-Chlorophenyl and 2,4,6-tribromophenyl chlorothionoformates react rapidly with tertiary amines at 20°C to give a thiocarbamate and alkyl chloride.The thiocarbamates are converted to the secondary amine salts by treatment with dimethyl sulfate, followed by hydrolysis with water. Rates of reaction, and alkyl group clevage selectivity in amines were found to be comparable or superior to those previously reported with chloroformates.
Introduction
We have previously reported the epimerization of phthalideisoquinoline alkaloid 1 with thiophosgene and the dealkylation of tertiary aliphatic amines with thiophosgene and 1-chloroethyl chlorothionoformate 2 . The reactivity of these reagents were found to be comparable to that of a number of previously used methods, such as the Von Braun 3 reaction or the use of ethyl chloroformate 4 and phenyl chloroformate 5 . The latter reagents produce products which are difficult to hydrolysis, and accordingly were replaced by 1-chloroethyl chloroformate 6 , 2,2,2-trichloroethyl chloroformate 7 and vinyl chloroformate 8 .
We have found that 4-chlorophenyl chlorothionoformate and 2,4,6-tribromophenyl chlorothionoformate are even more reactive towards amines than chloroformate and thiophosgene, but the ease and selectivity of the analogous second dealkylation step required elaboration. ( Scheme 1 )
Result and Discussion
The accepted pathway 9 for dealkylation of tertiary amines with chloroformates involves the rate determining decomposition of the salt (3) by chloride, forming the carbamate (4) and an alkyl chloride. In a general way this appears also to be the case with chlorothiono-formates.The reaction of unhindered tertiary amine with 4-chlorophenyl chlorothionoformates was very rapid at 20°C in dichloromethane as a solvent. When the reaction of triethylamine with an equivalent of (1) was followed by 1 H n.m.r analysis, the ammonium salt appeared to form instantly (δ CH 2 4.35 ppm), and chloroethane formation could be followed to completion over the next 40 min. As shown in table 1 and table 2 , the reaction of various tertiary amines were complete within 40 minutes by the use of 4-chlorophenyl chlorothionoformate (1) and two hours when 2,4,6-tribromophenyl chlorothionoformate was used. selectivity of the dealkylation of tertiary amines by vinyl chloroformate, cyanogen bromide, phenylchloroformate, ethyl chloroformate, 2,2,2-trichloroethyl chloroformate and benzyl chloroformate. The use of vinyl chloroformate give the demethylated product in 90% yield but a period at 80°C was required to effect decomposition of the intermediate salt.
The use of 4-chlorophenyl chlorothionoformate and even a hindered derivative like 2,4,6-tribromophenyl chlorothionoformate resulted in dealkylation at 20°C, while the other chlorofromates effected the conversion in, at best, 10% yield, under similar conditions. Cyanogen bromide showed low selectivity, giving cyanamide (12) (54%), accompanied by the ring opened (13) (28%). We reported 2 that the reaction of 1-chloroethyl chlorothionoformate with N-methylpiperidine afforded the carbamate (14) in 75% yield at reflux for 12 hours in dichloromethane. Similarly, the reaction of 1-chloroethyl-chloroformate with N-methylpiperidine gave the carbamate (15) at 80ºC.
By contrast, 4-chlorophenyl and even 2,4,6-tribromophenyl chlorothionoformates cleanly converted triethylamine and N-methylpiperidine to the corresponding thiocarbamate (8) at room temperature within 40 min (1) or two hours (2) . Thus demonstrating agent the reactivity of 1 and 2 with tertiary amines is superior to that of vinylchloroformate, 1-chloroethyl chloroformate and the 1-chloroethyl chlorothiono-formate. Selectivity of the cleavage of alkyl group by chlorothionoformates were also investigated. Reaction of N,N-dimethylbenzylamine with (1) and (2) resulted only in debenzylation, at room temperature in almost quantitative yield. While Nmethyl-morpholine undergoes considerable ring opening on reaction with either cyanogen bromide 10 or chlorothionoformate, only the demethylation was observed. Demethylation of N,Ndimethyl-aniline with (1) and (2)were very slow, but the demethylated product (7) were isolated in 75% and 71% yields after reaction at 130°C for 24 h; a similar reaction, with phenyl chloroformate 5 gave 80% yield at 100°C after 60 h. When N-methylpyrrolidine as a five membered ring amine was treated with (1) in dichloromethan the reaction proceeded to completion rapidly at 20°C, but ring opening was achieved leading to (10a) in 96% yield, as two rotamers by 1 H and 13 C nmr spectroscopy. Similarly ring openning product (10b) as two rotamers was produced in 89% yield from the reaction of N-methylpyrrolidine with (2) at 20ºC for two hours. When (-)-nicotine was treated with (1) and (2) at 20°C, the ring opened products 11a and 11b were formed in 89 and 86% yields, respectively. In conclusion 4-chlorophenyl chlorothionoformate (1) and 2,4,6-tribromophenyl chlorothionoformate (2) are shown to be useful dealkylating agents for tertiary amine. The dialkylthiocarbamates could be readily converted to the corresponding amines by sequential treatment with dimethylsulfate followed by their hydrolysis in water. (Scheme 2) Analytical thin-layer chromatography (TLC) was carried out with Merck silica gel 60 F 254λ aluminium sheets. The identity of previously prepared compounds was confirmed by comparison of spectra data with that of published. In all casses isolation of only a single thiocarbamate is reported, n.m.r analysis of the crude product mixture confirmed that no other thiocarbamate was produced.
The routine purification of reagents and solutions was carried out by standard laboratory procedures. All organic extracts were dried with anhydrous sodium sulfate. Reaction of N,N-dimethylaniline with 2. The mixture of 2,4,6-tribromophenyl chlorothionoformate (2) (1.68g, 4.12mmol) and N,N-dimethylaniline (0.5g, 0.52ml, 4.12mmol) were heated under nitrogen at 130°C for 24 hours to give a blue oil. The oily product was purified by column chromatography (pet. ether:ethyl acetate 20:1) and O-2,4,6-tribromophenyl methyl(phenyl)thiocarbamate (7b) was separated as a yellow crystals (1.4g, 71 %), m.p. 127-129ºC. 1 Hydrolysis of 5a. The thiocarbamate (5a) ( 0.51g, 2 mmol) and dimethylsulfate (0.261g, 2.07 mmol) were refluxed under nitrogene for 3 hours in 1,2-dichloroethane (20ml). The solvent was evaporated affording a green oil which was washed twice with ether (10ml ) to give the iminium salt. The salt ( 0.54g, 2 mmol) was disolved in water and refluxed for 2 hours. Excess water was evaporated under reduced pressure to afford 4-chloro-N-methylbutan-1-amine hydrogensulfate as a spectroscopycally pure oil ( 0.33 g ) in 96% yield.
